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STICTION-FREE MICROSTRUCTURE RELEASING METHOD 

; I ; 

F6R FABRICATING MEMS DEVICE 



10 



15 



Field of the I; invention 



11 : 



The presentf jj invention relates to a stiction-f ree 
microstructure releasing method for fabricating a device of a 
microelectro-mechanlcal system (MEMS), and in particular, to a 
method of ; fabricating a MEMS device by means of surface 
mi croma chining without leaving any stiction or residues by 
etching silicon opiids of a sacrificial layer, which is an 
intermediate layer; : j between a substrate and a . microstructure, 
rather than by ejpching silicon oxide of a semiconductor 
device . 

■ : 1 ; 

Description oi the Prior Art 

\ il . 



When 1 using silicon oxide as a sacrificial layer and 

M: ■ 

using a silicon \ks> a microstructure, an HF solution is 

' j ' ij ! 

20 generally used f orj wet etching to remove the silicon oxide. A 

1 i 1 

cleansing solution! jjsuch as de-ionized (DI) water, methanol or 

isopropyl alcohol ife -used to rinse and remove the remaining HF 

.ij 

solution. ' J , 

■ ii 

However, usipp ,l - this method poses a problem of leaving 
25 the cleansing solitt|ion in a gap of a micron unit between the 
microstructure and , t|he substrate in the drying process for 
evaporating the ^lle^nsing solution. A capillary force is 



DEC. 28. 2000 4:41PM 



SHIN SUNG PATENT LAW FIRM 



i 'i 



NO. 767 P. 4 
DEC 27 '00 11 :25PM 



generated, 'by a surface tension due to the residue. If the 
capillary force becjomes greater than the retrieving force, the 
microstructure tentatively sticks on the substrate. Such a 

I 'i 

! .; 

tentative sticking] ■ is changed into a permanent surface 
sticking due to the van der Waals force, electrostatic force 
or hydrogen bridging . Such a phenomenon is referred to as a 

f ! 

stiction. <| 

Further, a , reaction between the HF gas and methanol or 



isopropyl alcohol Results in H 2 0 due to a chemical reaction. 

1 

10 At that time, the', Silicon oxide undergoing a removal process 

meets evaporating jtyater drops, thereby leaving diverse kinds 

n i 

of residues that, ^re not evaporated on the substrate due to 

condensation. Fig!..' 1 shows a photograph of such stiction and 

if' ! 

generation of resides . 

15 Fig, ; 5 sho^Si ,an SEM photograph of a vapor etching 

process. Stictidln . occurs and residues remain on the 
incompletely etched ! silicon oxide, which is a sacrificial 
layer, due to tijie. scum, side wall polymerization and 
decorations of HE t'^iaaining on the etched silicon oxide. 

20 To avoid su<bh : stiction and residues, -researches have 

been conducted in 1 jiiiverse aspects . The methods presented at 

the initial stage ,the research were reducing the contacting 

j .! 

surface of the sipAcon by roughing and widening the surface 
area thereof, or undergoing an NH 4 F process for the silicon so 
25 as to be hydrophobic. However, these methods failed to 

release the micro ^jtjjructure on a revivable basis. The methods 

i !i 

suggested recent ■ days were a supercritical C0 2 drying method 
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(the path'A-B in i'JJig. 2) utilizing the characteristics of a 

■ v ■! 

phase transfer to'jj ja supercritical fluid by lowering the 
pressure .after j moying the cleansing solution to a 
supercritical regiidspi and converting the cleansing solution to 



5 a fluid, which is ,an intermediate state between gas and 
liquid, and a sublimation method of directly solidifying the 
cleansing solutiori" Jby using sublime materials such as t -butyl 
alcohol, p-DCB (di'dhoiorobenzene) , etc, (the path A->C in Fig. 

H : 

2) without undergoing a liquid state. However, these methods 

10 also pose a problem- of failing to completely removing the 

!' j! i 

water/ failing tof ii release the silicon microstructure on a 

; jl ,! 

revivable basis, ^ ; ; being complicated in its process while 
being very difficult i in handling the testing pieces, thereby 

being uneconomical; Ijarid inappropriate for massive production. 

,1 'i 

15 Accordingly, j jja'j demand has been raised to develop a 

method for effectively and revivably releasing the 
microstructure witjh] a simple drying process of not resulting 
in stiction or gen.b'raltion of residues. 

1 'i 



ii i 

20 Summary of the Invention 

It is, therefiprje, an object of the present invention to 

1 

provide a new method of releasing a microstructure on a 



completely separate ibasis without resulting in stiction or 

A !| < 
' '! I 

leaving residues t>^ Using anhydrous HF gas and alcohol vapor 
as well as by usiirLjg | a thermodynamic nature of water against 
temperature and pressure for etching silicpn oxide of a 

i 

' 1 !■ . 3 
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sacrificial layer-! 

To achieve? 'the above and other objects, there is 

, 'I ; 

provided a irdcrostfcufcture releasing method for fabricating a 
MEMS device according to the present invention comprising the 
5 steps of: supplying an alcohol vapor bubbled with anhydrous 

HF; maintaining a temperature of the supplying device and the 

1 'mi! 

moving path to be [higher than a boiling point of the alcohol; 

j j ■ 

vapor etching by fc^nrtrolling the temperature and pressure to 

' 1 '! 

be in a vapor region of a phase equilibrium diagram; and 
10 removing silicon' jipxide of a sacrificial layer on a lower 
portion of a micrb'^jtriucture . 



The pressure|";j for etching is preferably 25-75torr with 
the temperature : rianjged 25-8 0 *C. A process that may be 
performed before ;tta!^ fetching is a vapor etching of a part of 

■ i i : 

15 the silicon oxide i ■ The silicon oxide of a sacrificial layer 



is preferably one ( 6r;j more components selected from the group 
consisting' of TECi^, '< LTD, FSG, BPSG and a thermal silicon 
oxide, while the 'alcohol is preferably one or more components 
selected from th^ j 1 group consisting of methanol/ isopropyl 

i ;' j, 

20 alcohol and ethanoL'l The MEMS device may be of a laminated 

i' j'/i . 

structure or a sinpjLe crystal structure. 

To achieve tMe i above and other objects/ there is also 
provided a method [for removing silicon oxide of a sacrificial 
layer for a micrjbptructure, characterized by removing the 
25 silicon oxide of ; a sacrificial layer by means of a vapor 
etching with anhydrous HF and alcohol and by ' controlling the 
temperature and pressure of an etch chamber to be in a vapor 
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region of a phase jequilibrium diagram of water* 

According toi the method for removing the silicon oxide 
of a sacrificial i .jlayer for the microstructure of a MEMS 
device, the pressure in the etch chamber is preferably 25- 
75torr with the itjemperature ranged 25-80 *C. The pressure 
below 25torr or tihe temperature higher than SOX delays or 
disables the etchirig. On the other hand, the pressure above 
7 5 tor r or the (temperature lower thah 25 *c undesirably 
accelerates the condensation process. 

: i 
i ' 

Brief Descriptiipn of the Drawings 

1 1 1 

The above an<d other objects, features and advantages of 
the present invention will become more apparent from the 
15 following detailed jdescription when taken in conjunction with 
the accompanying tijrkwings, in which: 

Fig. 1 is a, photograph of a cross-sectional view showing 
stiction and residues generating ip. the course of fabricating 
a micro structure .according to the conventional art; 
20 Fig. ,2 is a £pi|ase equilibrium diagram of ordinary water; 

Fig. 3 is a .; dross-sectional view of a vapor etching 
device used acccfrjding to an embodiment of the present 
invention; j ; . 

Fig. 4 is a j ^r&ph showing etching velocities according 
25 to the kinds of silicon oxide of a sacrificial layer; 

Fig. ! 5 is, ,-an SEM photograph showing stiction and 
residues .generated by condensation in the course of 
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i 

fabricating a micros tructure according to the conventional 

art; . j- 

■ ■ ii 
i ' 1 

Fig. 6 is a !| photograph showing a cantilever released 

■ ii : 

without stictioii o-r residues according to the present 
5 invention; | : 

Fig. 7 is at, J photograph showing silicon oxide pattern 
being etched on a iijower portion of a membrane according to the 
present invention';' 1 ' 1 jj 

Fig. ' 3 is a"; pliqtograph showing a spring released without 

■ ii 

10 stiction or residujsjs [according to the present invention; 

Fig- 9 is a photograph showing a multi-crystal silicon 
gyroscope fabricated ; according to the present invention; 

Fig. . 10 is 1 a;| photograph showing an SOI type gyroscope 

: ;:j 

fabricated according ! to the present invention; 
15 Fig, 11 is jja. photograph showing an optical switch 

fabricated, according 'to the present invention; and 

Fig. 12 is i \\&\ photograph showing an optical filter 
fabricated.- according ;to the present invention. 



20 Detailed Description of the Preferred Embodiments 

: 'II : 



Preferred embodiments of the present invention will be 
described herein ;ljelow with reference to the accompanying 

'Ml ; 

drawings. In the -following description, well-known functions 
25 or constructions >rte ' not described in detail since they would 
obscure the invent ijbii in unnecessary detail - 

Fig. 3 is iat | cross-sectional view of a vapor etching 



I 6 

, r 

,j; 

i ll ! 
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device used acceding to an embodiment of the present 
invention. The '^abor etching device used according to the 
present invention: 1 li; comprises a load lock chamber 301,, an 
etching chamber 3QZ, a gas delivery system 303, a vacuum pump 
304, and a control !|system- One of the characteristic features 
of the vapor etching device lies in that the temperature is 



maintained 1 to be ,]!G 



etching chamber as 

■ ! 

etching chamber 30!|2 



0 D C not only in the gas cylinder, which is 



an HF delivery de^rijee, but also in the moving, path toward the 



arrive at the etch 
an inner wall of" 'a| 



iwell as from an alcohol bubbler 315 to the 
10 etching chamber 30!|2, thereby enabling the alcohol to arrive at 
the etching chamber 302 without being condensed after being 
vaporized by nitrogen. Under the temperature below the 

1 i 'I 

boiling point of i jalcohol (e.g., methanol 64.6°C; isopropyl 
alcohol 82.7*C) , ■ tp© HF gas or the alcohol vapor fails to 

.ng chamber 302 but partially condensed on 
gas line or an absolute liquid column is 
formed along the ;ijnner wall of the gas line- later, thereby 
failing to, precisely control the amount of liquid. Therefore, 

i 1 i; 

maintaining the tekpierature to be 100 'C is to prevent such 
20 phenomenon. Another, characteristic feature of the present 
invention lies in jthat the etching chamber is also heated by a 
thermal heater so j las; not to condense the water generated in 
the reacting proems. Another characteristic feature of the 
present invention liies in that inside of the etching chamber 
25 302 and an: exhaust; jjpipe of the device according to the present 
invention is Tef lonif-coated so as not to be corroded by the HF 
gas . '] 
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A part of i;he| considerable amount of water generated in 

1 ! 

the reacting process by the device according to the present 
invention is vapoflized by a reaction with the alcohol f while 



1 



the remaining water!' is completely vaporized without being 
5 condensed on the ! ' jsubstrate by heating the entire etching 

1 1' ■ j 

chamber and raising .the temperature of the substrate- Thus, 

].! 1 

it becomes possible to fabricate a microstructure completely 

* ■ 1 j 

separated and released without stiction or residues through 
the path A — D iri ,FfLg. 2 showing a phase equilibrium of water. 
10 The following! is a detailed description of a method for 

releasing a nicro.stpucture for fabricating a MEMS device. 

; j ; : 

Nitrogen is-jjjpUt into the etching chamber 302 when 
inputting and outiputting a wafer 305 to make the etching 
chamber under an' atmospheric pressure. The wafer 305 is put 
15 on a robotic arid 3(07 attached to an JM guide 306 in a load 
lock chamber 301 jsj'oj as to be delivered to the etching chamber 
302 through a gate,, j valve 308., The 3-pins lifter 310 lifts up 
the wafer 305, andj [ takes out the robotic arm 307, At the same 
time/ the 3-pins ;lji:fct;er 310 moves down to lay the wafer 305 on 
20 a substrate 309 mdunted on a heater 311. The -etching chamber 
is emptied, to be ijn| a vacuum state by means of a vacuum pump. 
If the substrate ,310$ ..reaches a processing temperature by means 
of a throttle values 3'i2, the processing gases are put into the 
etching chamber 3®!^.; For the etching of the silicon oxide, 



, 1 

'I I M 



25 anhydrous HF supplied by an automatic mass flow controller 313 

■ If- 

and alcohol vapor | l generated by injecting carrier gas into an 

; 'ii-. 

alcohol bubbler ;3ii5J, The anhydrous HF is surrounded by a 



ii! i. 
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heating pad 314 to] ■■ 
from a gas cylindejzj 



supply gas under a steady pressure of lOpsi 
maintaining a steady temperature » 



The inactive i/jgals, which is the carrier gas, is put into 

the alcohol bubbler j 315 by controlling the mass flow and 

" ! I: ' 

5 velocity as desi±:£d by means of the automatic mass flow 

i ■ 

controller 313. ■ s.j'Tihe vaporized alcohol then becomes to 
maintain a desiredj pressure by means of a needle value 316 for 
pressure control ,j ,|i and is injected into a baffle 317 
simultaneously wilsiji the HF. The vaporized alcohol is then 
10 supplied to the etching chamber 302 through a ■ shower head 318 
for evenly supplying ; inj ection gas. At this stage, change of 

: 'ji 1 

the supplying amottnt of alcohol in the course of processing 

I |i ; 

due to a change of i| the bubbler critically affects the etching 

" ! Ji ' 

rate of the silitboh oxide, thereby changing the partial 

' ii ' 

15 pressure of the HEjJj ! The change of the entire pressure of the 
alcohol bubbler means the following. Assuming that the 
partial pressure 1 |cjf ! the alcohol is steady as a saturated 
pressure, the pressure of the bubbler is a summing up of ■ the 
partial pressures ld|f . the nitrogen and the alcohol. Thus, the 

20 partial pressure ibf ; the nitrogen is changed. Thus, the 

■ ! ;i : 

partial pressures ;ejf(the HF, alcohol and the nitrogen become 
changed when the ! lent ire processing pressure is the same. 
Accordingly, the ; partial pressure of the . HF critically 
affecting the etbhibig rate of the sacrificial layer is 



25 changed, thereby 



mging the etching rate of the sacrificial 



i ■ ! 1 

layer because the ^tdhing rate is in proportion to a square of 
the partial pressuprte -of the HF as well as to a product of the 
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partial pressure ojtfij tjhhe alcohol. 

The following is a chemical reaction formula 
representing the ;eit cluing process of the silicon oxide, 

HF(g) «— » HF(ais); 
5 M(g) — <M(adsi;j |;(M-alcoholic species) 

2HF ( ads ) +M ( a<ks ) j -*HF Z ~ ( ads ) +MH + ( ads ) 

- • . (l) :| i 

Si0 2 (;s) +3HF 2 ' _ (adjs) +3MH + (ads) 
-H 2 SiF s (ads)+2H 2 0(a l d;|s| + 3M(ads) ... (2) 
10 H 2 SiF e (ads) UslZ* (g)+2HF(g) 

' , ' i 

. . (:3i!) I 

- , " I 
I 

' >' I 
. i I 

' ' \ ! 

As shown i4"'tlie reaction formula (1), 'the HF and the 
r i'i ! 

alcohol adsorbed i or^tp the substrate of the silicon oxide are 

15 ionised to be HF2~ I' ' Jrhus, the HF and the alcohol are the most 

, , t| | 

significant etchingi jpeaction factors as in the wet etching of 
the adsorbed HF 2 .i ^^iFe is generated as another by-product in 



the etching process ,j; as shown in the reaction formula (2) . 
As shown in the ; reaction formula (3), the H 2 SiFs should be 
20 resolved into SiF^ianjd the HF so as to be vaporized like water 
or alcohol without; jle&ving any residues on the substrate, 
Also r it is pref erj&Me either to lower the content of water by 
increasing the pak^al pressure of the anhydrous HF or to 
raise the- temperature of the wafer in order to suppress 



r 

' l j: f 

generatxon. of resi^^s. The etching rate of the silicon oxide 
in the reaction formula mainly depends on the partial pressure 
at the anhydrous 1 ' 1 l|tF and the alcohol adsorbed onto the 



i 
i 



■ ii , 
* i' 
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substrate. The partial pressure controls the ionization 



reaction between !tjjb!|e'two species. 

ill. ■ 

Fig* ■ 4 showsj:;j, etching rates of diverse kinds of silicon 

: I I i 
! 11 

oxide of a sactfifrlc^al layer, i.e., low temperature oxide 

(LTO) , tetraethyibirtihosilicate {TEOS) silicon oxide, PECVD 

j 'j 1 

oxide and .phosphs jJHicate glass (PSG) , according to the period 

!' i' f 
' i 1 

] 'it! 

of vapor etching jtjime under the pressure of SQtorr and the 
temperature of 25 ft 'when the anhydrous HF and the isopropyl 

i - n: li 

alcohol are used- .'lit is shown in Fig. 4 that the PSG has the 
highest etching \ ;r;^te because of more adsorption of the 
reactant species! I thereon than any other kinds of silicon 

; \ l > • i 

oxide • : J j. ; 



The following: 

f 

embodiments of th^i 



are the detailed description of preferred 
present invention made with reference to 



15 the accompanying ddkwings . 



Embodiment, 1 



20 



25 



A process was ;] proceeded with by maintaining the pressure 
to be SOtorr andHjjthe temperature to be 35° C by using the 

' Hi' 1 

device shown in FigjJ. ,3* 

" '! 

Atmospheric ;| 1 pressure is first created by putting 
nitrogen into the : etching chamber 302. The wafer 305 is put 

, I • :j : ; 

into uhe etching- Jdjh^mber 302 through a gate valve 303, -and 

1 ill - 

laid on the substrate 309 mounted on the heater 311 inside of 
the etching chamber : 302. The etching chamber 302 is emptied 

j !■■) 

to be in a vacuum j^jjtalte by means of the vacuum pump 304. Once 



11 
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the temperature d£ 'the substrate 309 reaches 35°C and the 
pressure inside ot, 'the etching chamber reaches 50torr, alcohol 
vapor generated b^ | injecting anhydrous HF and nitrogen, which 
is a carrier gastj into the bubbler 315 are put into the 
5 etching ctamb^r 3Q2-, The anhydrous HF surrounded by .the 
heating pad 314 supplies gas to the gas cylinder where the 
temperature is majltitlained to be 40 °C under the pressure of 
lOpsi. The nitrogen is controlled to be l,00Gsccm by the 
automatic mass flowj controller 313, and put into the isopropyl 
10 alcohol bubbler 315'L The vaporized isopropyl alcohol is 
maintained! to havej la', steady pressure of lOpsi by means of the 
needle value 316 "for pressure control, and supplied to the 
etching chamber though an injection with the shower head 313 

I it; || ,1 

simultaneously with! tijhe HF. 

''t- 
is The water is! Vaporized under the temperature higher than 

40°C and the alcohol has a vapor pressure higher than the 

processing: pressure .under the temperature higher than 10°C 



under the \ pressure! stated above. Therefore, the alcohol is 

first vaporized t|h^n the water under the same temperature. 

i 'I 'I 

The processing temperature was therefore selected to be 35°C 
so as not to decrease 1 the etching rate of the silicon oxide of 
the sacrificial la^eir by not raiding the temperature of the 
substrate.] Also, j; the heater surrounding the entire etching 
chamber is! maintained to have a temperature of 0°C so as to 
25 discharge the gas lender a vaporized state without condensing 
the water jgenerat44 during the processing by maintaining the 
temperature insid^ jof the etching chamber to be higher than 

" ! 12 
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that of the substrate. 

Fig. S shovj?^ , a result of the processing, i.e,, a 
fabrication of a iJiicrostructure having a length of I200jjm of a 
cantilever, type. j-; 

Fig. ; 7 showsj ;!ja'" process of removing the LTO sacrificial 
layer having a thickness of 4 ym through a hole having a 
diameter of 1pm Ranged at intervals of * 5pm on a sealed 
polycrystal silicon) membrane having a thickness of 1.7pm under 
the same cpridit ions'. 

Embodiment 2 ' 

, ,j 

■i !■■ 

Fig, 8 is r&n SEM photograph showing a result- of 
processing 1 performed under the same conditions as in the 
15 Embodiment 1. A spring was perfectly released by means of a 
polycrystal silicofij having a thickness of 12pm. 

Embodiment- 3 : : m ; 

i 1 ■ 

< ! 

20 Fig, 9 is ,;kn SEM photograph showing a result of 

I ! ■ 

processing perforrti^d under the same conditions as in the 

I ]■ i' 

Embodiment 1. A gyroscope composed of the polycrystal silicon 

having a thickness; !bf 8, Gym was released. 

i i'i 
■I 

25 Embodiment ; 4 

\''\ 
ii 

Processing i performed under the same conditions- as 

the Embodiment 1 lexcept lowering the pressure below 25torr, 



13 
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The same result wa& obtained as in the Embodiments 1 through 

3. ; ij 

Embodiment' 5 ■ ,! 1 



Vapor etching 1 
Embodiment 1 1 after; 



was performed by the same method as in the 
performing the wet etching on the thermal 



\i : 

silicon oxide, whMh; is a sacrificial layer of the gyroscope 

Mi ! 
f 1 1 

using an SOI wafer. ;j : 0f the diverse kinds of silicon oxide of 

i ! 1 

10 a sacrificial layefc,j the thermal silicon oxide has a denser 

film quality thani"| tjhe existing TEOS silicon oxide. Thus, 

' ' \ '• \ 

vapor etching was j'jpeir formed after performing the wet etching 

as thick as requi^jfed. As a result, gyroscope composed of a 

■ j i 

silicon of an SOI,] Structure having a thickness of 8iim was 
IS released without airly, stiction. Fig- 10 is 'an SEM photograph 

showing the results] 

Apart from tljiej Embodiments exemplified above, diverse 

kinds of microstruicjture for fabricating a MEMS device such as 

an optical, switch .in' Fig. 11 or an optical -filter in Fig. 12 
20 were successfully p£l|eased without any stiction or residues. 

Comparative Embodimienit 1 

An experiment^ 1 ,; wks performed under the same conditions as 
25 the Embodiment 1 e!xqept creating the pressure of the liquid 
region {A) to be "^Otorr and the temperature 'to be 25°C* A 
close look at the" s'lirjface of the specimen with bare eyes found 
a regular distribution of traces of drying water having the 



14 
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same diameter, ^traces are seem to have been left as a 

result of : partial] vaporization of water, Which, has been 
generated by a chjakical reaction of the HF with the alcohol 
between the showerj J head 317 portion of the , gas passing piper 
and dropped onto £h'je surface of the specimen. 



Comparative Embodiment 2 



An experiment'! ^as performed by increasing the pressure 

; 'Ml ! 

10 up to 75torr under , the same conditions as the Comparative 

it]; 

Embodiment. 1. Mor<eJ traces of water were comprehensively left 

' 'Is 

on the specimen* . <i 

This comparative embodiment confirmed that it is very 

1 ,n'! 

effective to perfpjrm the processing within the vapor phase 
15 region of water ejither lowering the pressure in the phase 
equilibrium diagram; or raising the temperature so as to remove 

the water ' generatepi. j during the process ing, as a remedy to 

\ I " 1 

prevent stiction bp\ the microstructure or residues. 

The etching :aqate may be lowered or enhanced by either 
20 controlling the , partial pressure of the anhydrous HF or 
varying the kinds and! partial pressures of the alcohol. 

As described!:| kbove, the present invention realized 

■ 1 1 ■ j 

releasing a microfracture for fabricating a MEMS device by 

' 1 ! 1! 

I ,' 1 '! 1 

removing diverse kinds of silicon oxide of a sacrificial layer 
25 placed under the 'j ;| structure of monocrystal or polycrystal 

' i 'i 1 

1 ; ■ 

silicon with a vap;or etching method using anhydrous HF and 

i i i; '! 

alcohol according ; to the present invention. The present 



15 
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invention also realized lowering or enhancing the etching rate 
by either controlling the partial pressure of the anhydrous HF 

I, ! 

or varying the kinds and partial pressures of the alcohol, 

V I 

Thus, the preseiitf ■ invention provides a wider scope of 

jT r 

applicability to 'fabrication of a MEMS device and a simple 

fabricating process as well as a revivability in releasing a 

i i 1 

xaicrostructure. The .present invention further has an economic 
merit of massive 'j'prpduction as in case of a semiconductor 
device, '/Ij 

While the intention has been shown and described with 
reference to certajijn 'preferred embodiments thereof, it will be 
understood by thos||e| skilled in the art that various changes in 
form and details jcojay be made therein . without departing from 
the spirit and s^ope of the invention as defined by the 
15 appended claims. ' 



16 



